blood flow across this valve, and the time during which this flow passes the valve. It has only been in the last 18 months that the diastolic gradient, blood flow, and heart rate have been simultaneously measured in a few clinics and since the ultimate results of surgery in this modest number of patients6' 7 has as yet not been ascertained, we are still in ignorance of what constitutes a significant gradient and of what conditions must be fulfilled.
A considerable body of data has been secured by right heart catheterization, although this information is less direct. Utilizing this technic and measuring heart rate, blood flow, and pressure, we have learned which hemodynamic alterations are found in patients with mitral stenosis and which of these variables will be returned toward normal by successful surgery.
MITRAL STENOSIS This part of our discussion is limited to the findings in patients with isolated mitral stenosis. Therefore subjects with enlarged left ventricles, mitral regurgitation, or significant aortic or tricuspid lesions are specifically excluded.
There are at present 6 hemodynamic patterns that can be found in patients with the auscultatory findings of mitral stenosis. The individuality of each pattern becomes apparent when viewed in relation to the entire clinical picture.
The expected and most universally accepted picture of an obstruction at the mitral valve is one originally described by Dexter and associates8 in which at rest there is moderate to severe pulmonary hypertension, and elevation of the pulmonary wedge pressure, and a cardiac output that is slightly or reduced ( fig. 1, group I ). These findings occur at heart rates that fall within the accepted normal range of 60 to 100 beats per minute.
In this group of patients the diastolic pressure in the pulmonary artery usually lies between 20 and 30 mm. Hg, the systolic pressure between 40 and 75 mm. Hg, and the mean between 30 and 50 mm. Hg. The pulmonary artery pulse pressure is strikingly increased. The mean pulmonary wedge pressure is quantitatively the same as the pulmonary artery diastolic pressure.
The inference from these data is that significant or severe obstruction to left atrial outflow has occurred at the mitral valve and that there is a consequent increase in the volume of blood in the left atrium. This in turn causes a rise in pressure in this chamber that is reflected in the elevated pulmonary artery diastolic pressure. In these individuals diastolic run-off from the pulmonary arterial tree is influenced chiefly by the obstruction of the mitral valve. The pulmonary artery systolic and pulse pressures rise more strikingly than the diastolic because they are influenced not only by the elevation of the left atrial pressure but also by the distensibility characteristics of the vessels themselves, i.e., the caliber and elasticity of the vessels, the volume of blood in them, and pulsatile flow.9 In reviewing the available data one is struck by the tremendous variation in the level of cardiac output which is recorded in this type of patient; markedly reduced as well as This conclusion is based on the observation that the pulmonary artery pressures, particularly the pulse pressure, do fall early and strikingly following surgery even if they do not return to the same level as in the previous group; hence, all this hypertension is not solely on the basis of pathologic anatomy.
There is evidence then for at least 2 factors that are responsible for the striking rise in pulmonary artery pressures in this second group: one, the pathologic changes in the vascular tree, which may be in part reversible after surgery; and the other, overdistention of the vascular system, which responds immediately to successful opening of a stenosed valve.
The third and fourth groups to be described may resemble each other hemodynamically at rest, but clinically, particularly historically, they may be distinguishable.
The first of these represents mild but significant mitral block ( fig. 1, group III) 3 . The rise in ventricular filling pressure, by producing a greater systolic discharge, serves to maintain aortic flow at an almost normal level. They further inferred that right ventricular output is unaltered and found that pulmonary artery systolic and diastolic pressures were not elevated by the production of mitral insufficiency and conclude that "as long as cardiac muscle is efficient, the increased volume of blood contained in the left auricle during systolic ejection is accompanied by expansion of the left auricle and its venous tributaries. Consequently no 'back pressure' effects are produced in the pulmonary artery or right heart." Lesser circuit hypertension could be produced, however, if arterial resistance was increased in the systemic circulation as then regurgitation would be greater than could be accommodated in the left veno-atrial system. Braunwald, Welch, and Sarnoff15 have recently extended the observations in experimentally induced mitral insufficiency and have shown that the effect of any given regurgitant volume on left atrial pressure is a function of the filling pressure of the left ventricle.
Applying these considerations to man one could then predict that isolated valvular mitral regurgitation would cause no change in lesser circuit pressures, an elevation of left atrial pressure in late systole and very early diastole without much change in mean left atrial pressure, a minor increase in left ventricular end-diastolic pressure if the ventricle is not otherwise embarrassed, and a normal level of pulmonary and systemic blood flow.
The characteristic left atrial pressure curve of mitral insufficiency has been recorded on numerous occasions in man. Although recently, as would be predicted from experimental studies, normal levels of blood flow and lesser circuit pressures have been noted in man in the presence of isolated mitral insufficiency ( fig. 7) , these individuals were almost entirely asymptomatic."6 In contrast to the experimental animal and the asymptomatic subject, the symptomatic patient said to have isolated or predominant mitral insufficiency is usually found to have pulmonary hypertension, left atrial hypertension, and a reduced cardiac output. Measurements of left ventricular diastolic pressure are few but both normal and elevated levels have been recorded. '7 18 Quite a few explanations can be offered to reconcile the differences between the experimental and clinical observations. The 
